Survival rates of premature infants have increased with developing technology and evolving knowledge but lateonset sepsis is more frequent due to prolonged hospitalization periods of these infants. We report the case of an extremely low birth weight premature infant who was admitted with respiratory distress syndrome, developed necrotizing enterocolitis and fungal sepsis with endocarditis by Candida albicans. He was treated with antifungal therapy until fungal vegetation resolved. Fungal sepsis and endocarditis may be an important morbidity in preterm infants; we review the recent literature about the risk factors, diagnosis, treatment and prevention of fungal sepsis in these high risk infants.
INTRODUCTION
Prolonged life expectancy with rapidly developing treatment options leads to increasing rate of sepsis of premature infants. Prematurity, immune deficiency, prolonged intubation, usage of central catheter lines, inadequate enteral feeding, longer duration of total parenteral nutrition and usage of broad spectrum antibiotics have been reported as the main risk factors for fungal infections. Fungal infections and especially Candida spp. cause serious problems in extremely low birth weight (ELBW) infants with high mortality and morbidity rates. [1] [2] [3] [4] [5] [6] Invasive fungal infection rates in neonatal intensive care units are reported as 1 to 2% whereas Candida and Aspergillus species are the Fungal endocarditis in an extremely low birth weight infant. Case report most common causes in these infants. 1 However, the incidence of invasive candidiasis has been reported as high as 5.5-20% in ELBW infants. 2 Although Candida albicans is responsible for most of neonatal infections, in recent studies, Candida parapsilosis was reported as the second frequent species in neonates. [1] [2] [3] Candida spp. may also cause focal infections such as pneumonia, meningitis, pyelonephritis, and endocarditis besides invasive candidiasis. [1] [2] [3] [4] [5] The frequency and severity of Candida infection is inversely associated with gestational age and birth weight of preterm infants. [1] [2] [3] 6, 7 The mortality rate of invasive fungal infections vary between 20% to 50%, therefore it is important to screen all of the organ systems and also start the anti-fungal therapy as soon as possible. 1, 3, 7 Herein, we report a preterm infant who had fungal endocarditis.
CASe RepORT
A male infant with a birth weight of 850 g was born at 27th week of gestation by caesarean section from the second controlled pregnancy of a 29 year old mother. The baby was transferred to the Neonatal Intensive Care Unit, intubated and given early surfactant therapy for respiratory distress syndrome. An umbilical catheter was inserted and ampicillin and gentamicin were started, as sepsis could not be excluded. Enteral feeding started on 3 rd day. The echocardiography (ECHO) showed a small atrial septal defect (ASD). On the 7 th day of life, it was started vancomycin treatment as Staphylococcus epidermidis was identified in the blood culture.
On the 16 th day, his abdomen became distended and bloody stool was detected. He had thrombocytopenia and was diagnosed as necrotizing enterocolitis (NEC); enteral feeding was stopped and his treatment was changed. On the 22 nd day of hospitalization, general status was worsened. At that time, laboratory data showed leukocytes 29 800/mm 3 , platelets 110 000/mm 3 , and increased CRP (56.9 mg/dl) level. Although cerebrospinal fluid (CSF) and urine culture was sterile, Candida albicans was identified in his blood culture, the central catheter was removed and fluconazole was added to the treatment. The following cultures obtained at the 72 hours and first week were negatives. However, as C. albicans was again identified in the blood culture on the second week of the antifungal therapy, fluconazole treatment was switched to amphotericin B. Repeated cranial and abdominal ultrasounds were found normal but ECHO showed a mobile mass, 14 mm in length and 3 mm in width (vegetation, fungal ball?) atright atrium, passing through tricuspid valve and reaching to the inlet of right ventricle through ASD. (Figure 1 )
In serial ECHOs, the vegetation showed regression so antifungal treatment was continued. A total of 10 blood cultures were obtained at the follow-up and as the last 3 blood cultures were sterile, amphotericin B treatment with duration of 7 weeks was discontinued after the disappearance of the vegetation on ECHO (Figure 2) . The neurological examination of the infant, magnetic resonance imaging (MRI) and otoacoustic emission test response were all normal.
DISCUSSION
Late-onset sepsis frequency in premature infants is directly proportional with duration of hospitalization and inversely associated with gestational week and birth weight.
1,2,5 Candida infections are among the most common cause of general hospital infections, with an incidence of 2.6-10% in very low birth weight (VLBW) and 5.5-20% in ELBW infants; the mortality rate is 20-50%. 2, 7, 8 Fungal infections incidence was 0.5% in our NICU and we previously had no mortality due to fungal sepsis. The most common Candida types are C. albicans and C. parapsilosis.
2,3 C. albicans constitutes more than 50% of neonatal fungal infections.
1,2 C. albicans was isolated in our case as consistent with the literature.
Most of the infants colonize with Candida spp. weeks after birth. 1, 4 After colonization, risk factors like prematurity, prolonged intubation, delay in enteral feeding, prolonged total parenteral feeding, broad spectrum antibiotic, steroid and H2 blocker usage, surgical interventions, gastrointestinal pathology such as NEC, and prolonged used of central catheter enhance the frequency of fungal infections. Therefore, these risk factors must be avoided and after detection of Candida infection, central catheter must be removed. [1] [2] [3] 6, 7 Risk factors such as prematurity, ELBW, inadequate enteral feeding, prolonged total parenteral feeding, prolonged use of central catheter, presence of sepsis and use of broad spectrum antibiotics were present in our case and central catheter was removed after the diagnosis of infection.
A s a r e s u l t o f C a n d i d a c o l o n i z a t i o n , mucocutaneous candidiasis, candidemia, catheter related infection, invasive and systemic infection may develop. Invasive infection of the blood, urine, cerebrospinal fluid (CSF) or peritoneal fluid can also lead to disseminated infection. [1] [2] [3] [4] Laboratory and clinical findings of invasive candida infection cannot be differentiated from bacterial sepsis. But the findings such as During antifungal treatment, side effects like nephrotoxicity, hepatotoxicity, electrolyte imbalances may be seen. 2 No side effect due to the therapy was observed in our case.
In prevention of candida infection, risk factors should be minimalized. Intravenous fluconazole may be used for 2-6 weeks in ELBW infants as prophylaxis (3 mg/kg/day, twice a week), starting the first day of life.
14, 15 We did not use prophylaxis in our case because the absence of previous fungal infection at our unit.
Neonatal candidiasis is associated with significant mortality (%30-60) and morbidity in ELBW infants. 3, 4 Mental and psyhcomotor development are affected by the rate of 34-70% and hearing loss is seen especially in ELBW infants. For this reason, neurological follow-up is important. 3 Otoacoustic emission test responses and cranial MRI were normal in our case.
In conclusion, Candida infections should be considered as a cause of both late-onset and very late-onset sepsis with existence of risk factors and prophylaxis for fungal infection considered in EBLW infants. n
ReFeReNCeS:
resistant hypoglycemia, thrombocytopenia and hypotension should be considered alarming. [1] [2] [3] When infection is suspected, blood culture should be drawn and repeated in 48 hours. Candida must be detected in blood culture for definitive diagnosis. However, blood cultures have very low sensitivity for candidiasis. Tests such as anti-Candida antibody, beta-glucan antibody, d-arabinitol concentration, polymerase chain reaction (PCR) exist to determine Candida infection but not widely used. [1] [2] [3] [4] 8 The possibility of detecting in blood culture is 28-50% and we were able to detect it in our infant. 4, 5, 7 Central nervous system (CNS), urinary system, eye, heart, liver involvements may be seen due to hematogenous spread. [1] [2] [3] [4] [5] [9] [10] [11] [12] Therefore, when candidemia is determined, ophtalmological examination, CSF and urine analysis, cranial and abdominal ultrasounds and ECHO must be performed. 2, 3, 9 Other organ involvement may accompany in premature infants with the rates of CNS involvement 10-64%, renal involvement 5-33%, and endophthalmitis 6%. 3, 4 We performed tests on all systems in our case and detected endocarditis.
Cardiac involvement in systemic fungal infections is usually due to C. albicans. [2] [3] [4] Endocarditis was reported in 5% of invasive fungal infections with a mortality rate of over 60% in ELBW infants.
2,4,10 Therefore, ECHO should be performed in all infants with Candida infections. In such cases, aggressive treatment should be started rapidly and should involve the removal of the vegetation besides the medical therapy. But as seen is this case, removal of vegetation may not be possible in extremely premature infants and longer duration of medical therapy may be needed. In addition to the previously mentioned risk factors, congenital heart disease might also be considered as a risk factor for the location of endocarditis in our case. [1] [2] [3] [4] 9 Fluconazole, conventional amphotericin B, liposomal amphotericin B, flucytosine are used for treatment. Drugs like voriconazole, caspofungin and echinocandin also exist but researches are not enough for newborns. Duration of treatment is not certain but the recommendation is 2-6 weeks, depending on severity and widespread of the disease. [1] [2] [3] 10, [13] [14] [15] In our case had C. albicans endocarditis which also resolved with systemic therapy. Treatment was started with fluconazole but switched to conventional amphotericin B as a result of inadequate response and lasted for 7 weeks.
